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Summary
Objective: To examine the effect of group 
housing sows on their behavior and 
 fertility.
Materials and methods: In Experiment 
One, at 65 to 70 days of gestation, 96 sows 
were assigned by parity to individual or 
group housing and observed for aggressive 
encounters during three 1.5-hour time 
blocks immediately after relocation and 1 
day later. On the third day, feeding-time 
aggression was observed during two 30-
minute feeding periods, starting when 
feed was dropped. Saliva samples obtained 
from unrestrained sows 1 day before and 
after relocation were assayed for cortisol 
concentrations. In Experiment Two, 937 
mixed-parity sows in 10 weekly breeding 
groups were either housed in groups of 
approximately 50 (n = 462) or individually 
housed in gestation stalls (n = 475). For 
140 individually-housed and 330 group-
housed sows, backfat depths at the P2 
position were determined using A-mode 
ultrasonography at gestation days 55 to 60, 
at farrowing, and at weaning.
Results: Group-housed sows were involved 
in more aggressive encounters than stall-
housed animals (P < .05). Aggressive 
encounters per hour were more numerous in 
grouped sows during feeding on day 3 than 
during the day of grouping (P < .001). Sali-
vary cortisol concentrations were higher in 
grouped sows, but differences between pre-
and post-relocation concentrations were 
not correlated with levels of aggression. 
There was no effect of housing on backfat 
depths or sow fertility.
Implication: If sows are grouped during 
gestation, particular attention should be 
directed toward feeding management to 
avoid excessive aggression and possible 
adverse effects on welfare.
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Resumen - Influencia de las instalaciones 
de gestación en el comportamiento y 
fertilidad de las hembras
Objetivo: Examinar el efecto del aloja-
miento de hembras en grupo en su com-
portamiento y fertilidad.
Materiales y métodos: En el Experimento 
Uno, de los 65 a los 70 días de gestación, 
96 hembras fueron asignadas por parto 
a alojamiento individual o en grupo y se 
observaron los encuentros agresivos durante 
tres bloques de tiempo de 1.5 horas inme-
diatamente después de la reubicación y 1 
día después. En el tercer día, se observó 
la agresión a la hora de la alimentación 
durante dos periodos de alimentación de 30 
minutos, iniciando cuando se dejaba caer el 
alimento. Las muestras de saliva obtenidas 
de hembras libres 1 día antes y después 
de la reubicación se probaron en busca de 
concentraciones de cortisol. En el Experi-
mento Dos, 937 hembras de paridad mixta 
en 10 grupos semanales de gestación fueron 
alojadas en grupos de aproximadamente 
50 (n = 462) o alojadas individualmente 
en corrales de gestación (n = 475). En 140 
hembras alojadas individualmente y las 330 
alojadas en grupo, la profundidad de la grasa 
dorsal en la posición P2 se determinó utili-
zando ultrasonografía de modo A de los 55 a 
60 días de gestación, al parto, y al destete.
Resultados: Las hembras alojadas en grupo 
se involucraron en encuentros más agresivos 
que los animales alojados en corrales (P < .05). 
Los encuentros agresivos por hora fueron más 
numerosos en las hembras en grupo durante 
la alimentación en el día 3 que en el día de la 
agrupación (P < .001). Las concentraciones 
salivares de cortisol fueron más altas en las 
hembras alojadas en grupos, pero las dife-
rencias entre las concentraciones pre y post 
reubicación no se correlacionaron con niveles 
de agresión. El alojamiento no tuvo efecto 
en la profundidad de la grasa dorsal o en la 
fertilidad de las hembras.
Implicacion: Si las hembras se agrupan 
durante la gestación, se debe poner 
atención especial en el manejo de la ali-
mentación para evitar agresión excesiva y 
posibles efectos adversos en su bienestar.
Résumé - Influence de l’hébergement 
durant la gestation sur le comportement 
et la fertilité des truies
Objectif: Examiner l’effet de l’hébergement 
en groupe des truies sur leur comporte-
ment et leur fertilité.
Matériels et méthodes: Au cours de 
l’Expérience 1, 96 truies de 65 à 70 jours 
en gestation ont été assignées par parité à 
un hébergement individuel ou en groupe 
et observées pour des rencontres agres-
sives au cours de trois blocs de 1.5 heures 
immédiatement après leur relocalisation et 
1 journée plus tard. Au troisième jour, la 
présence d’un comportement agressif lors 
du repas était notée durant deux périodes 
d’alimentation de 30 minutes, débutant 
lorsque la nourriture était distribuée. Les 
concentrations de cortisol dans des échan-
tillons de salive obtenus de truies non con-
tentionnées 1 jour avant et 1 jour après la 
relocalisation ont été mesurées. Au cours de 
l’Expérience 2, 937 truies de parités variées 
distribuées dans 10 groupes d’accouplement 
hebdomadaire étaient logées soit en groupe 
d’environ 50 (n = 462) ou individuellement 
dans des cages de maternité (n = 475). 
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The primary objective of the breed-ing herd is to maximize the number of pigs weaned per sow per year 
cost effectively, although, in the future, it is 
likely that consumer demands for perceived 
improved animal welfare must also be 
considered.1 The most common housing 
system for weaned and gestating sows in 
North America is the gestation stall, which 
allows for ease of individual feeding and 
artificial insemination. However, there is a 
perception that sow gestation stalls are not 
“welfare friendly,” and a future nationwide 
requirement may be that pregnant sows be 
housed in groups, as is soon to be required 
in some states. If the requirement for group 
housing were realized, the challenge for the 
swine industry would be maintenance of 
productivity of group-housed sows.
A disadvantage of group housing sows 
includes an inability to control individual 
sow feed intake. This would potentially 
lead to a greater variation in sow body con-
dition which may, in turn, adversely affect 
sow fertility.2-4 Also, grouping of unfamiliar 
pregnant sows results in considerable aggres-
sion during the 2 to 3 days required for the 
establishment of social hierarchies.5,6 In 
addition to posing a welfare risk from inju-
ries, the stress associated with the aggres-
sion may reduce sow fertility.7
There has been considerable earlier research 
on the impact of group housing of preg-
nant sows, and sow gestation housing 
has been the subject of a recent extensive 
review.8 It is not the intent to repeat here 
the latter review, other than to indicate that 
when well managed, including mainte-
nance of stable sow groups, group housing 
of gestating sows can result in performance 
equal to8 or on occasion superior to9 
that observed with individual housing. 
However, previous workers10-13 tended 
to employ few sows and small groups, 
usually with some sort of individual feed-
ing system. The use of individual feeding 
systems will significantly add to the cost 
of a retrofit of existing operations. We are 
not aware of any controlled studies of sow 
performance comparing group-feeding 
of large sow groups to individual housing 
and feeding, under commercial conditions. 
Therefore, we undertook the present study 
to examine the hypothesis that housing 
sows in large groups from mid gestation 
under commercial conditions will not 
result in increased measures of aggression 
or stress and that pregnancy outcomes will 
remain unaffected.
Material	and	methods
Animals
These experiments were approved by the 
Michigan State All University Commit-
tee on Animal Use and Care and were 
conducted in a commercial farrow-to-wean 
facility housing 2500 sows of Yorkshire and 
Landrace breeding. Following a 17-day 
lactation, sows were weaned into individual 
gestation stalls and had 5 minutes of nose-
to-nose contact with a boar each day, start-
ing the day after weaning. Sows were artifi-
cially inseminated with commercial semen 
(containing 3 × 109 sperm) in the presence 
of a boar at first detection of estrus and 
then at 24-hour intervals if still exhibiting 
estrous behavior. Pregnancy was confirmed 
by transabdominal real-time ultrasound 
(RTU; Bantam; EI Medical, Loveland, 
Colorado) at 25 days after insemination.
Experiment	One
Study design. Between days 65 and 70 
of gestation, 96 sows were assigned to six 
experimental treatments in a 2 × 3 facto-
rial design. Housing environment (group 
or stall) and parity (gilts, P0; primiparous 
sows, P1; and third parity sows, P3) were 
the main effects. The choice of parities was 
based on our unpublished observation that 
housing more gilts in a group increased 
aggression. Therefore, we hypothesized that 
younger animals fight more. We anticipated 
a relatively large difference between P0 and 
P1, with a lesser difference between P1 and 
P3. Four replicates of 24 sows were used 
(four animals per parity within treatment). 
Prior to relocation, all sows were individu-
ally identified using black hair dye, and their 
pregnancy status was re-confirmed by RTU.
Four large pens (7.8 m × 13.7 m) were used, 
that were approximately 70% slats and 30% 
solid concrete flooring. Each pen contained 
32 drop-feeders, which supplied three feeder 
troughs across the width of each pen. The 
12 sows in the group-housing environment 
were mixed with 38 other sows to form 
groups of 50, which allowed approximately 
2.1 m2 per sow. Data were not collected for 
the 38 non-study sows. The average parities 
of all study and non-study sows in replicates 
1, 2, 3, and 4 were 3.0, 2.3, 2.9, and 2.9, 
respectively. The stall-housed animals were 
relocated on the same day as sows were 
grouped, in such order that all animals were 
housed adjacent to an unfamiliar animal 
within the same parity and treatment in 
groups of four (ie, buffer sow, four treat-
ment sows, buffer sow, four treatment sows). 
Food was provided twice daily (at 5:30 am 
and 11:30 am) for sows in both group and 
individual housing. Group-housed animals 
were provided water ad libitum by six nipple 
drinkers per pen, while stall-housed sows 
were given water approximately three times 
per day in the feed trough.
Behavioral observation. All experimental 
animals were observed continuously on each 
of 2 consecutive days following relocation, 
in three 1.5-hour time blocks starting at 
6:00 am, 9:00 am, and 12:00 noon. The 
first observation period began immediately 
after the sow groups were formed. All 
occurrences of fights (defined as the recipro-
cal occurrence of head knocks, bites, or 
both) and attacks (defined as the one-sided 
occurrence of head knocks, bites, or both) 
involving the experimental animals within 
these time blocks were recorded by two 
observers. On the third day after reloca-
tion, feeding-time aggression for stalled and 
group-housed sows (quantified as above) 
was observed during each of two 30-minute 
feeding periods, starting at the time feed was 
dropped. Prior to analysis, the total number 
of active aggressive encounters (attacks and 
fights; ACT), passive aggressive encounters 
(received attacks; PAS), and the total num-
ber of aggressive encounters (active and 
passive encounters; AGG) were calculated as 
the number per hour.
L’épaisseur du gras dorsal à la position P2 
était mesurée à l’aide d’un appareil à ultra-
son en mode A pour 140 truies logées indi-
viduellement et 330 truies logées en groupe 
entre le 55e et 60e jour de gestation, lors de 
la mise-bas, et lors du sevrage.
Résultats: Les truies logées en groupe 
étaient impliquées dans plus de rencontres 
agressives que les truies logées dans des 
cages de maternité (P < .05). Le nombre de 
rencontre agressive par heure était plus élevé, 
pour les truies regroupées, lors des repas au 
jour 3 que durant la journée du regroupe-
ment (P < .001). Les concentrations de 
cortisol salivaire étaient plus élevées chez les 
truies regroupées, mais les différences entre 
les concentrations pré- et post-relocalisa-
tion n’étaient pas corrélées avec les niveaux 
d’agression. Aucun effet n’a été noté entre 
le type d’hébergement et l’épaisseur du gras 
dorsal et la fertilité des truies.
Implication: Si les truies sont regroupées 
durant la gestation, une attention particu-
lière devrait être portée à la gestion des repas 
afin d’éviter des comportements agressifs 
excessifs et des effets néfastes possibles sur le 
bien-être des animaux.
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Lesion scoring. One day before relocation 
and on the day after relocation, all experi-
mental animals were scored for lesions by 
counting the total number of lesions on the 
head, neck, shoulders, and body. Lesion 
scoring was weighted, ie, minor skin abra-
sions were scored as 1, small punctures 
as 2, and bigger open lesions as 3. The 
difference between pre-relocation and post-
relocation lesion scores was calculated prior 
to analysis.
Saliva sampling and cortisol analysis. 
Saliva samples were obtained from unre-
strained study sows 1 day before mixing and 
on the day after relocation at 5:00 am,  
8:00 am, 11:00 am, and 2:00 pm by insert-
ing a piece of gauze attached to a rubber 
tube into the mouth of the sow until thor-
oughly moistened. Due to time constraints, 
only three of every four animals were sam-
pled, the sampled animals being selected 
haphazardly. All samples were obtained 
within 30 minutes. The gauze was then 
stored in a polypropylene centrifuge tube 
and kept at -4˚C until centrifugation at the 
end of the day. The samples were thawed in 
a refrigerator and centrifuged at 1000g for 
5 minutes. The saliva was then aliquotted 
into 1.5-mL Eppendorff tubes and stored 
at -20˚C until analyzed. Salivary cortisol 
concentrations were determined by radio-
immunoassay (Coat-a-Count; Diagnostic 
Products Corp, Los Angeles, California) 
modified for use in pigs.14 Assay sensitivity 
was 0.28 nmol per L, and intra-assay and 
interassay coefficients of variation were 
5.9% and 10.8%, respectively. For the 
purposes of this study, hormone amplitude 
was defined as the difference between the 
highest and lowest cortisol concentrations 
within each day.
Experiment	Two
Study design. A total of 937 mixed-parity 
sows in 10 weekly breeding groups between 
August and December were chosen ran-
domly to be housed in groups of approxi-
mately 50 (n = 462) or housed individually 
in gestation stalls (n = 475). Sow manage-
ment was as described for Experiment 
One. For 140 individually housed and 330 
group-housed sows (“test sows”), backfat 
depths at the P2 position (65 mm off the 
midline at the last rib) were determined at 
55 to 60 days of gestation, at farrowing, 
and at weaning using A-mode ultrasonog-
raphy (Leanmeater; Renco, Minneapolis, 
Minnesota). The total and liveborn litter 
sizes were recorded for each of the 470 test 
sows. Additionally, the farm database was 
accessed to allow determination of farrowing 
rates for all 937 sows in the 10 breeding 
 groups.
Statistical analysis
All analyses were performed using SAS 
version 8.2, 2001 (SAS Institute Inc, Cary, 
North Carolina). Results are expressed as 
means ± SEM, and P < .05 was considered 
significant. For Experiment One, the 
differences between pre-relocation and 
post-relocation salivary cortisol levels were 
determined for each pair of samples, and 
effects of housing environment (group 
or stall), parity (P0, P1, or P3), and their 
interactions were analyzed using a general 
linear mixed model, allowing for random 
effects of parity group, animal, and repli-
cate. For analysis, each series of four stalls 
was considered a parity group for the stall-
housed animals. Due to the buffer animals, 
this allowed effects of aggression to be 
limited to within-parity effects.
Effects of housing environment, parity, 
and their interactions on lesion scores were 
analyzed using ANOVA t-tests. Effects of 
housing environment, parity, and their 
interactions on behavior were analyzed 
using a general linear model, allowing for 
random effects of pen and replicate. For 
the stall-housed sows, each group of 12 
animals was considered to be one housing 
group. This was so defined in order to be 
able to statistically account for differences 
caused by nontreatment pen mates (in 
group housing) or buffer animals (in stall 
housing). Correlations between lesion 
scores, cortisol concentrations, and aggres-
sive encounters were analyzed using Spear-
man’s correlation test. Differences between 
feeding-time aggression and aggression on 
the day after relocation were analyzed using 
a paired t-test.
For Experiment Two, effects of housing 
environment on farrowing rate were com-
pared using chi-square tests. Data for treat-
ment effects on sow backfat depths, litter 
sizes, and wean-to-estrus intervals were 
examined by split-plot ANOVA, where 
breeding group served as the experimental 
unit for treatments but as a blocking fac-
tor for parities. Total born litter size was 
included as a co-variable in the analysis of 
liveborn litter size.
Results
Experiment	One
Behavior. There was no effect of housing 
environment on the number of post-reloca-
tion ACT. Group-housed animals (1.90 ± 
0.27 ACT) did not fight with other ani-
mals more often than stall-housed animals 
(1.59 ± 0.29 ACT; P = .30). Parity did 
affect ACT, both for group-housed (P < .01) 
and stall-housed sows (P < .001). The P0 
sows fought significantly less than the P1 
(P < .001) and P3 (P < .001) sows both in 
groups and in stalls (Figure 1).
The AGG were affected by housing environ-
ment, with group-housed sows (3.71 ± 0.29 
AGG) being involved in more aggressive 
encounters than stall-housed animals (2.65 
± 0.41 AGG; P < .05). Parity affected 
AGG differently in group-housed and 
stall-housed sows (housing environment × 
parity; P < .01). Whereas in group-housed 
sows, no significant differences between 
sows of different parities could be found, 
in stalls, P0 animals were involved in fewer 
aggressive encounters than P1 (P < .001) and 
P3 animals (P < .01) (Figure 1). The AGG per 
hour in group-housed sows were higher during 
feeding time (6.67 ± 0.70) than during the day 
of relocation (2.58 ± 0.22; P < .001), whereas 
in stall-housed animals, no significant 
differences in AGG per hour were found 
(feeding time, 1.69 ± 0.38; day of reloca-
tion, 1.54 ± 0.26; P = .26).
Lesions. The post-relocation increase in 
lesion score was higher for group-housed 
sows (22.52 ± 2.31) than for stall-housed 
animals (1.98 ± 0.40; P < .001), while the 
effect of parity on the increase in lesion scores 
tended towards significance (P = .08). In 
group-housed animals, the total increase in 
lesion score was positively correlated with 
AGG (P < .001) and with ACT (P < .01), 
whereas in stall-housed animals, the total 
increase was not correlated with either AGG 
(P = .24) or ACT (P = .32). Passive aggres-
sive encounters were not correlated with 
the total increase in lesion score in either 
a group-housing (P = .23) or stall-housing 
environment (P = .32).
Cortisol concentrations. Housing environ-
ment affected the average increase in cortisol 
concentration after relocation (P < .01; Figure 
2). Animals moved into a group-housing 
system showed a marked increase in salivary 
cortisol concentrations (33.4 ± 3.3 nmol per 
L), while animals relocated to a novel stall 
showed a slight decrease in salivary cortisol 
concentration (-1.38 ± 0.55 nmol per L). 
Parity did not affect the change in cortisol 
concentration after relocation (P = .55). Sali-
vary cortisol concentration changed during 
the day, and the amplitude of this change dif-
fered between group-housed and stall-housed 
sows (P < .001). The difference between the 
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housing management on farrowing rate 
(77.8% versus 76.6% for stall-housed and 
group-housed sows, respectively) or on 
subsequent litter size, although liveborn lit-
ter sizes tended to be larger in stall-housed 
sows (10.5 ± 0.8 versus 9.7 ± 0.2; P = .08). 
The subsequent wean-to-estrus interval was 
not affected by gestation housing manage-
ment (10.2 ± 0.8 days versus 10.5 ± 0.5 
days for stall-housed and group-housed 
sows, respectively).
Discussion
This study demonstrated that feeding 
time was an important factor affecting 
the higher levels of aggression recorded in 
group-housed animals than in sows housed 
in gestation stalls. This is in agreement 
with other recent data.15 Therefore, in 
order for the welfare of sows kept in groups 
to be maintained, better systems for deliv-
ery of food need to be developed. Floor 
feeding is an inexpensive alternative, but it 
favors the onset of aggressive interactions. 
Older sows initiated most of the aggres-
sive interactions, both in individual and 
group housing. The opportunity for social 
encounters is significantly greater for sows 
housed in groups, and aggressive interac-
tions are expected. Even considering that 
sows kept in stalls each have only two adja-
cent sows with which to interact, signifi-
cant levels of aggression were recorded. The 
clear pattern of aggression at feeding time 
offers the possibility for strategic interven-
tion by developing better feed delivery 
systems for group-housed sows.
The differences recorded in the daily 
salivary cortisol pattern of sows kept in 
groups and gestating stalls is intriguing and 
supports a previous report.16 Sows kept in 
gestation stalls had lower levels of salivary 
cortisol and showed smaller increases in 
cortisol levels in response to the relocation 
process than sows kept in groups. The 
cortisol data generated in the current study 
and in additional studies we have under-
taken (data not shown) indicate no direct 
link between cortisol and sow fertility.
Within the limits of this study (ie, group-
ing for approximately the last 50 days of 
gestation), these data do not support the 
suggestion that group housing of sows 
during gestation will necessarily increase 
the absolute or variation in backfat depth. 
Therefore, solely on the basis of backfat 
depth as a measure of variation in sow 
feed intake, group housing pregnant 
sows appears to induce no adverse effects. 
Farrowing rate appeared unaffected by 
Figure 1: Effects of housing environment and parity on the mean number 
(± SEM) of (A) active aggressive encounters (ACT) and (B) total aggressive 
encounters (AGG) after relocation of gilts (P0) and sows of parity one (P1) and 
three (P3) (16 sows per parity per housing treatment). Effects of housing envi-
ronment (group housing or stall housing), parity, and their interactions were 
analyzed using a general linear mixed model. For both group and stall housing, 
number of ACT was lower for P0 than for P1 and P3 sows (P < .001). Number of 
AGG in group-housed sows was not affected by parity, but in stall-housed sows 
was lower in P0 than in either P1 (P < .001) or P3 (P < .01)
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highest and lowest cortisol concentration was 
greater for group-housed animals (59.6 ± 8.8 
nmol per L) than for stall-housed animals 
(6.1 ± 0.55 nmol per L). Parity did not affect 
the difference (P = .32).
Differences between pre- and post-reloca-
tion cortisol concentrations were not cor-
related with ACT, PAS, or AGG, regardless 
of housing environment (group-housed 
sows: ACT, P = .90, PAS, P = .25, and AGG, 
P = .51; stall-housed sows: ACT, P = .85, 
PAS, P = .54 and AGG, P = .79), nor was it 
correlated with lesion score (group-housed 
sows, P = .85; stall-housed sows, P = .31).
Experiment	Two
There was no evident effect of housing 
management on P2 backfat depths (18.9 
mm versus 17.7 mm, 18.6 mm versus 19.3 
mm, and 16.4 mm versus 16.3 mm for 
stall- and group-housed sows at 55 to 60 
days of gestation, farrowing, and wean-
ing, respectively). There was no effect of 
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grouping sows within the last 50 days of 
gestation. It is expected that mixing sows 
in earlier gestation (eg, in dynamic groups) 
will reduce farrowing rate. The stage of 
gestation when sows can be mixed without 
detriment to pregnancy outcome has yet to 
receive attention, although on the basis of 
these data, 50 days does appear safe. The 
possibility of an adverse effect on liveborn 
litter size requires further investigation, 
since, if confirmed, it would be of eco-
nomic significance. An etiology for this 
potential effect is not known. It has been 
suggested that sow fertility may suffer if 
stress is sufficiently prolonged,17 such as 
appears to be evident in the present study, 
although others noted no adverse effect 
on fertility of repeatedly mixing groups of 
pregnant gilts at 7-day intervals.18 On the 
basis of the data from the present study, we 
suggest that rehousing mid-gestation sows 
in large groups does not adversely impact 
fertility. However, the earliest stage of 
gestation at which mixing will not impact 
fertility remains to be determined.
Implications
• If sows are to be grouped during 
gestation, particular attention should 
Figure 2: Effect of housing environment on salivary cortisol concentrations 
(nmol/L ± SEM) in group-housed (n = 36) and stall-housed sows (n = 36) on 
the day of grouping and the following day. Differences between pre-reloca-
tion and post-relocation salivary cortisol levels were determined for each pair 
of samples, and effects of housing environment, parity, and their interactions 
were analyzed using a general linear mixed model allowing for random effects 
of parity group, animal, and replicate. Average increase in salivary cortisol after 
relocation was greater in group-housed than in stall-housed sows (P < .01).
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be directed toward feeding manage-
ment to avoid excessive aggression and 
possible adverse effects on welfare.
• Mixing sows into large groups at 50 
days of gestation does not adversely 
affect fertility.
• The earliest stage of gestation at which 
mixing will not affect fertility remains 
to be determined. 
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